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Fig. 9 
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Fig. 14 
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HEAT TREATMENT METHOD, OUTER 
JOINT MEMBER, AND TRIPOD TYPE 

CONSTANT VELOCITY UNIVERSALONT 

TECHNICAL FIELD 

0001. The present invention relates to a heat treatment 
method, an outer joint member, and a tripod type constant 
Velocity universal joint. 

BACKGROUND ART 

0002. As a constant velocity universal joint used in a 
power transmission device of an automobile, various indus 
trial machines, or the like, there is a tripod type constant 
Velocity universal joint using a tripod member as an inner 
joint member. The tripod type constant Velocity universal 
joint includes, for example, as illustrated in FIG. 15, an outer 
joint member 1, a tripod member 2 serving as the inner joint 
member, and torque transmission members (roller members) 
3. 
0003. The outer joint member 1 includes a cup-like mouth 
portion 4 opened at one end thereof. In an inner peripheral 
surface of the mouth portion 4, there are formed three track 
grooves 6 extending in an axial direction of the outer joint 
member. Inside walls facing to each otherina circumferential 
direction of each of track grooves 6, there are formed roller 
guide Surfaces (roller sliding Surfaces) 7a, 7a. 
0004. The tripod member 2 includes a boss 8 and leg shafts 
9. The boss 8 is provided with spline hole or serration hole 11 
which is coupled to a shaft (not shown) to be allowed to 
transmit torque. The leg shafts 9 each protrude in a radial 
direction from positions trisecting the boss 8 in the circum 
ferential direction. 
0005. Further, each of the torque transmission members 3 
includes: a roller 12 including a ring-like body including a 
radially-outer surface 13 formed into a convex spherical sur 
face; and a ring 15 fitted into the roller 12 through interme 
diation of a plurality of rollers 16. That is, the roller 12 and the 
ring 15 are unitized through intermediation of the plurality of 
rollers 16. Those members and the like constitute a roller 
assembly. In this case, the roller 12 can be called an outer 
roller, and the ring 15 can be called an inner roller. 
0006. By the way, the outer joint member 1 includes: the 
mouth portion 4 including the track grooves 6; and a stem 
portion (not shown) provided to protrude from a bottom wall 
of the mouthportion 4. Further, a radially-inner surface of the 
mouth portion 4 exhibits a shape of a three-petal corolla of a 
flower, in which smaller radially-inner portions 7b and larger 
radially-inner portions 7c are alternately connected together 
through intermediation of the roller guide surfaces 7a in the 
circumferential direction. That is, in the outerjoint member 1, 
the roller guide surfaces 7a facing to each other in the cir 
cumferential direction and the track grooves 6 including the 
larger radially-inner portions 7c each provided between both 
of the roller guide surfaces 7a. 7a are formed at three posi 
tions in an inner periphery of the outer joint member. 
0007. The tripod type constant velocity universal joint 
illustrated in FIG. 15 uses so-called double-roller type roller 
members each including the inner roller and the outer roller. 
However, as illustrated in FIG.16 and FIG. 17, the tripod type 
constant Velocity universal joint may use so-called single 
roller type roller members each including a roller fitted onto 
a cylindrical outer peripheral Surface of the leg shaft through 
a plurality of needle rollers in such a manner that the roller is 
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rotatable. In this case, each of the leg shafts 9 includes a 
cylindrical outer peripheral Surface 74, and an annular ring 
groove 76 formed in vicinity of an end of each of the leg 
shafts. A roller 80 is fitted onto an outer periphery of each of 
the leg shaft 9 through a plurality of needle rollers 82 in such 
a manner that the roller 80 is rotatable. The cylindrical outer 
peripheral surface 74 of each of the leg shafts 9 provides an 
inner raceway surface for the plurality of needle rollers 82. 
The roller 80 includes a cylindrical inner peripheral surface to 
provide an outer raceway surface for the plurality of needle 
rollers 82. 
0008. The plurality of needle rollers 82 are held in contact 
with an outer washer 84 on outer end surfaces of the plurality 
of needle rollers, and with an inner washer 88 on end surfaces 
opposite to the outer end surfaces of the plurality of needle 
rollers, when viewed from a radial direction of the leg shaft 9. 
The outer washer 84 is regulated from moving in the axial 
direction by a circlip 86 mounted into the ring groove 76. As 
a result, the plurality of needle rollers 82 are also regulated 
from moving in the axial direction. 
0009 Generally, the roller guide surfaces 7a of the outer 
joint member 1 are Subjected to heat hardening treatment. As 
the heat hardening treatment, there is induction quenching. 
The induction quenching is mainly divided into a one-shot 
quenching method of performing heat treatment at a fixed 
position (Patent Literature 1), and a mobile quenching 
method in which the coil is moved relative to the outer joint 
member (Patent Literature 2). 
0010. In the one-shot quenching, there is used, as illus 
trated in FIG. 10 and FIG. 11, a high-frequency heating appa 
ratus including a high-frequency induction heating coil 17. In 
this case, the high-frequency induction heating coil 17 
includes heating portions 17a, 17a, 17a respectively fitted 
into the three track grooves 6 of the outer joint member 1. 
Therefore, it is possible to both heat and rapidly cool the roller 
guide Surfaces 7a over an axial entire region of the joint at one 
time. Further, in Patent Literature 1 described above, in order 
to prevent hardened layers from being formed in inner Sur 
faces of the larger radially-inner portions 7c, non-conductive 
ferrite cores are fitted in an induction coil. Therefore, by using 
the above-mentioned high-frequency induction heating appa 
ratus, there are formed hardened layers S only in surface 
layers of the roller guide surfaces 7a as illustrated in FIG. 11. 
0011 Further, in the mobile quenching method, another 
high-frequency induction heating apparatus illustrated in 
FIG. 12 to FIG. 14 is used. The high-frequency induction 
heating apparatus includes: a coil 18 wound to have a three 
leaf clover shape; and a cooling jacket 19 attached to the coil 
18. The coil 18 includes heating portions 18a, 18a, 18a each 
having Substantially triangle shape and being provided at 
about 120° pitches in a circumferential direction of the coil. 
Each of the heating portions 18a includes: curved portions 
20a, 20a respectively opposed to the roller guide surfaces 7a; 
and a straight portion 20b opposed to the larger radially-inner 
portion 7c. Note that, the cooling jacket 19 has a three-leaf 
clover shape similarly to the coil 18. 
0012. In the mobile quenching method, the coil 18 and the 
cooling jacket 19 are moved along an axial direction in the 
mouth portion 4 of the outer joint member 1. Along with the 
above-mentioned movement, heated Surfaces (roller guide 
surfaces 7a and larger radially-inner portions 7c) are heated. 
Following the above-mentioned heating, the heated Surfaces 
are rapidly cooled with cooling water injected through the 
cooling jacket 19. Thus, the roller guide surfaces 7a and the 
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larger radially-inner portions 7c are subjected to the heat 
hardening treatment. In this manner, the hardened layers Sare 
formed. 

CITATION LIST 

Patent Literature 

0013 PTL 1 Japanese Examined Patent Publication No. 
Sho 61-34481 

0014 PTL 2 Japanese Examined Patent Publication No. 
He O3-26335 

SUMMARY OF INVENTION 

Technical Problems 

0.015. In the general one-shot quenching, temporal heating 
and temporal cooling are conducted, and hence there is a 
demerit in that distortion is easy to occur in a thin-walled 
portion and the like. In contrast, the mobile quenching has 
effects of stabilizing occurring distortion, uniforming a thick 
ness of the quenched and hardened layer, and the like. 
0016. By the way, taking a function of the joint in consid 
eration, there is no problem as long as the hardened layers are 
provided at least in the roller guide surfaces 7a. However, if 
the mobile quenching is performed, the roller guide Surfaces 
7a and the larger radially-inner portions 7c are subjected to 
the heat hardening treatment, and hence the hardened layers S 
are formed as illustrated in FIG. 14. 
0017. In an outer periphery of the outer joint member 1, a 
boot band fastening groove 5 is formed, and a portion in 
which the boot band fastening groove 5 is provided is thin. 
Therefore, the hardened layers S in the thin-walled portion 
may give way to a side of the outer periphery. Thus, the 
above-mentioned portion may be weaken in terms of a 
strength thereof. Therefore, there is a demerit in that a degree 
of freedom for designing is limited, for example a downsizing 
of the joint becomes difficult. 
0018. Therefore, the present invention has been made in 
view of the above-mentioned circumstances, and it is an 
object of the present invention to provide a heat treatment 
method capable of molding, by mobile quenching of induc 
tion quenching, an outer joint member of a tripod type con 
stant Velocity universal joint excellent in a strength thereof 
without forming hardened layers in larger radially-inner por 
tions, and to provide the outer joint member and the tripod 
type constant Velocity universal joint which are manufactured 
by the above-mentioned heat treatment method. 

Solution to Problems 

0019. According to a first aspect of the present invention, 
there is provided a heat treatment method for forming hard 
ened layers in roller guide Surfaces of an outer joint member, 
including: performing mobile quenching in Such a manner 
that a high-frequency induction heating coil is moved in an 
axial direction relative to the outer joint member including 
track grooves which are formed at three positions of an inner 
periphery of the outer joint member, and each of which 
includes: the roller guide Surfaces facing to each other in a 
circumferential direction of the outer joint member; and a 
larger radially-inner portion provided between both of the 
roller guide Surfaces; providing heating-Suppressing portions 
for the larger radially-inner portions in positions of the high 
frequency induction heating coil, the positions being respec 
tively opposed to the larger radially-inner portions; and set 
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ting a range corresponding to a boot mounting portion in at 
least a center portion in the circumferential direction in each 
of the larger radially-inner portions of the outer joint member 
to be an unquenched portion by cutting out the magnetic field 
lines with the magnetic field line cut-out bodies. 
0020. According to the first aspect of the present inven 
tion, in the heat treatment method, it is possible to form the 
hardened layers in the roller guide surfaces by the mobile 
quenching of induction quenching without forming the hard 
ened layer in the range corresponding to the boot mounting 
portion in at least the center portion in the circumferential 
direction in each of the larger radially-inner portions of the 
outer joint member. 
0021. The heating-suppressing portions for the larger radi 
ally-inner portions include magnetic field line cut-out bodies 
for cutting out magnetic field lines generated through the 
high-frequency induction heating coil. The magnetic field 
line cut-out bodies include, for example, ferromagnetic cores 
fitted into portions of the high-frequency induction heating 
coil, at which the ferromagnetic cores come close to the larger 
radially-inner portions, respectively. Further, each of the fer 
romagnetic cores includes, for example, a silicon steel. 
0022. According to a second aspect of the present inven 
tion, there is provided a heat treatment method for forming 
hardened layers in roller guide Surfaces of an outer joint 
member, including: performing mobile quenching in Such a 
manner that a high-frequency induction heating coil is moved 
in an axial direction relative to the outer joint member includ 
ing track grooves which are formed at three positions of an 
inner periphery of the outer joint member, and each of which 
includes: the roller guide Surfaces facing to each other in a 
circumferential direction of the outer joint member; and a 
larger radially-inner portion provided between both of the 
roller guide Surfaces; and setting a range corresponding to a 
boot mounting portion in at least a center portion in the 
circumferential direction in each of the larger radially-inner 
portions of the outer joint member to be an unquenched 
portion by the high-frequency induction heating coil includ 
ing retracted portions to be prevented from coming close to 
the larger radially-inner portions. 
0023. According to the second aspect of the present inven 
tion, in the heat treatment method, the high-frequency induc 
tion heating coil includes the retracted positions to be pre 
vented from coming close to the larger radially-inner 
portions. Therefore, the range corresponding to the boot 
mounting portion in at least the center portion in the circum 
ferential direction in each of the larger radially-inner portions 
is prevented from being heated by the heat treatment, and the 
range becomes the unduenched portion. 
0024. According to a third aspect of the present invention, 
there is provided a heat treatment method for forming hard 
ened layers in roller guide Surfaces of an outer joint member, 
including: performing mobile quenching in Such a manner 
that a high-frequency induction heating coil is moved in an 
axial direction relative to the outer joint member including 
track grooves which are formed at three positions of an inner 
periphery of the outer joint member, and each of which 
includes: the roller guide Surfaces facing to each other in a 
circumferential direction of the outer joint member; and a 
larger radially-inner portion provided between both of the 
roller guide Surfaces; providing, on an outer diameter side of 
the roller guide Surfaces of the outer joint member, flange 
portions opposed to a roller member, and setting at least a 
range corresponding to a boot mounting portion in each of the 
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larger radially-inner portions to be an unquenched portion 
serving as an unheated portion. 
0025. According to the third aspect of the present inven 

tion, in the heat treatment method, on an outer diameter side 
of the roller guide surfaces of the outer joint member, the 
flange portions opposed to the roller member are provided. 
Therefore, at least the range corresponding to the boot mount 
ing portion in each of the larger radially-inner portions is 
prevented from being heated by the heat treatment, and the 
range becomes the unduenched portion. 
0026. Each of the heat treatment methods may include: 
forming a smaller radially-inner portion between the larger 
radially-inner portions of the outer joint member, and form 
ing a hardened layer in the Smaller radially-inner portion by 
the mobile quenching. Further, each of the heat treatment 
methods may further include setting an entire of each of the 
larger radially-inner portions of the outer joint member to be 
an unquenched portion. 
0027. On a joint deep side of the larger radially-inner 
portions of the outerjoint member, a boot mounting groove or 
the like is prevented from being formed in the radially-outer 
surface of the outer joint member. Therefore, it is possible to 
prevent unduenched portions from being formed on a joint 
deep side of the larger radially-inner portions of the outer 
joint member. Further, hardened layers may beformed only in 
the roller guide surfaces on an inner diameter side of the outer 
joint member. 
0028. According to the present invention, a tripod type 
constant Velocity universal joint includes: the outer joint 
member treated by the heat treatment method; a tripod mem 
ber including three leg shafts arranged in the outer joint 
member and protruded in a radial direction; and a roller 
member mounted to each of the three leg shafts of the tripod 
member and guided in an axial direction of the outer joint 
member along the roller guide Surfaces. 
0029. The roller member is fitted into a spherical outer 
peripheral surface of each of the three leg shafts to be capable 
of oscillating, and is guided in the axial direction of the outer 
joint member along the roller guide Surfaces. 
0030 The roller member may include: a roller inserted in 
each of track grooves of the outer joint member, and a ring 
fitted onto each of the three leg shafts, for supporting the roller 
to be rotatable. The roller may be movable in the axial direc 
tion of the outer joint member along the roller guide Surfaces, 
and an inner peripheral Surface of the ring may be formed to 
have a circular-arc convex cross-section. In addition, an outer 
peripheral surface of each of the three leg shafts may be 
formed to have a straight shape in a longitudinal section of 
each of the three leg shafts and to be held, in a cross-section 
of each of the three leg shafts, in contact with the inner 
peripheral Surface of the ring in a direction orthogonal to an 
axis of the tripod type constant Velocity universal joint and 
form a gap with respect to the inner peripheral Surface of the 
ring in an axial direction of the tripod type constant Velocity 
universal joint. 
0031. It is preferred that the cross-section of each of the 
three leg shafts be set to have a substantially oval shape 
including a longitudinal axis orthogonal to the axis of the 
tripod type constant Velocity universal joint. 

Advantageous Effects of Invention 

0032. In the heat treatment method of the present inven 
tion, the hardened layers can be formed in the roller guide 
Surfaces without forming the hardened layer in the range 
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corresponding to the boot mounting portion of at least the 
center portion in the circumferential direction in each of the 
larger radially-inner portions of the outer joint member. 
Therefore, it is possible to ensure a strength of the opening 
portion of the outer joint member. In addition, the mobile 
quenching is employed as a quenching method, and hence 
distortion is difficult to occur, and a thickness of the quenched 
and hardened layers can be uniformed. 
0033. As long as the magnetic field line cut-out bodies 
include the ferromagnetic cores, it is possible to stably form 
the unduenched portions. Further, each of the ferromagnetic 
core may include, for example, a silicon Steel. In this case, 
without using a specific (special) material, it is possible to 
attach the ferromagnetic cores to the high-frequency induc 
tion heating coil at relatively low cost. 
0034. The unquenched portions may be formed in the 
entire larger radially-inner portions of the outerjoint member, 
or the unduenched portions may be prevented from being 
formed on the joint deep side of the larger radially-inner 
portions. Otherwise, the hardened layers may beformed only 
in the roller guide surfaces. Even in this case, without dete 
riorating a function as the outer joint member, it is possible to 
form the hardened layers in an optimum range. 
0035. The outer joint member of the tripod type constant 
velocity universal joint of the present invention is treated by 
the heat treatment method. Therefore, the outer joint member 
is stable in terms of a strength thereof and is excellent in 
durability. 
0036. The tripod type constant velocity universal joint of 
the present invention uses the outer joint member treated by 
the heat treatment method, and hence becomes a high-quality 
tripod type constant Velocity universal joint excellent in the 
durability. In addition, a degree of freedom for designing, for 
example, downsizing of the joint increases. Further, the outer 
joint member is applicable to various types of tripod type 
constant Velocity universal joints. 

BRIEF DESCRIPTION OF DRAWINGS 

0037 FIG. 1 A sectional view illustrating an embodiment 
of the present invention and illustrating a relation between a 
high-frequency induction heating coil and an outer joint 
member which are used for a heat treatment method. 
0038 FIG. 2 A perspective view of the high-frequency 
induction heating coil. 
0039 FIG. 3 A plan view of the high-frequency induction 
heating coil. 
0040 FIG. 4A cross-sectional view of a tripod type con 
stant Velocity universal joint of the present invention. 
0041 FIG. 5 A longitudinal sectional view of the tripod 
type constant Velocity universal joint. 
0042 FIG. 6 A main-part sectional view of the tripod type 
constant Velocity universal joint. 
0043 FIG. 7 A main-part sectional view of an outer joint 
member according to anther embodiment. 
0044 FIG. 8 A plan view of another high-frequency 
induction heating coil. 
0045 FIG. 9 A main-part sectional view of another tripod 
type constant Velocity universal joint of the present invention. 
0046 FIG. 10 A perspective view of a conventional tripod 
type constant Velocity universal joint in a heat treatment state 
by one-shot quenching. 
0047 FIG. 11 A main-part sectional view of the conven 
tional tripod type constant Velocity universal joint in the heat 
treatment state by the one-shot quenching. 
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0048 FIG. 12 A perspective view of a high-frequency 
induction heating coil and an outer joint member in a heat 
treatment state by a mobile quenching, which illustrates a 
conventional example. 
0049 FIG. 13 A perspective view of the high-frequency 
induction heating coil and the outer joint member in a heat 
treatment state by the mobile quenching, which illustrates a 
conventional example. 
0050 FIG. 14 A main-part sectional view of the conven 
tional tripod type constant Velocity universal joint in the heat 
treatment state by the mobile quenching. 
0051 FIG. 15 A cross-sectional view of the tripod type 
constant Velocity universal joint using the outer joint member 
molded by a conventional heat treatment method. 
0052 FIG. 16 A cross-sectional view of a tripod type 
constant Velocity universal joint of a single roller type. 
0053 FIG. 17 A longitudinal sectional view of the tripod 
type constant velocity universal joint illustrated in FIG. 16. 

DESCRIPTION OF EMBODIMENTS 

0054 Hereinafter, embodiments of the present invention 
are described with reference to the drawings. 
0055 FIG. 1 illustrates a main part sectional view of an 
outer joint member Subjected to heat hardening treatment by 
a heat treatment method according to the present invention. 
The outer joint member is used in a tripod type constant 
velocity universal joint as illustrated in FIG. 4 to FIG. 6. The 
tripodtype constant velocity universal joint includes: an outer 
joint member 21; a tripod member 22 serving as an innerjoint 
member; and torque transmission members 23. 
0056. The outer joint member 21 includes: a cup-like 
mouth portion 24 opened at one end thereof, and track 
grooves 26 each extending in an axial direction from posi 
tions trisecting an inner periphery thereof in the circumfer 
ential direction. The mouth portion 24 has a non-cylindrical 
shape in which larger-diameter portions 24a and Smaller 
diameter portions 24b are alternately arranged when viewed 
in a cross-section. That is, the mouth portion 24 forms the 
larger-diameter portions 24a and the Smaller-diameter por 
tions 24b. Thus, in an inner peripheral surface of the mouth 
portion, there are formed the three track grooves 26 each 
extending in the axial direction. 
0057. In side walls facing to each other in the circumfer 
ential direction of each of track grooves 26, there are formed 
roller guide surfaces (roller sliding surfaces) 27, 27. Further, 
a radially-inner Surface exhibits a shape of a three-petal 
corolla of a flower, in which smaller radially-inner portions 
45 and larger radially-inner portions 46 are alternately con 
nected together through intermediation of the roller guide 
surfaces 27 in the circumferential direction. That is, in the 
outer joint member 21, the roller guide surfaces 27 and track 
grooves 6 are formed at three positions in an inner periphery 
of the outer joint member. In this case, the roller guide sur 
faces 27 face to each other in the circumferential direction, 
and the track grooves 6 include the larger radially-inner por 
tions 46 each provided between both of the roller guide sur 
faces 27, 27. 
0058. The tripod member 22 includes a boss 28 and leg 
shafts 29. The boss 28 is provided with a spline hole or a 
serration hole31 which is coupled to a shaft (not shown) to be 
allowed to transmit torque. The leg shafts 29 each protrude in 
a radial direction from positions trisecting the boss 28 in the 
circumferential direction. 
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0059. Further, each of the torque transmission members 
(roller members) 23 includes: a roller 32 including a ring-like 
body including a radially-outer surface 33 formed into a 
convex spherical surface; and a ring 35 fitted into the roller 32 
through intermediation of a plurality of rollers 36. That is, the 
roller 32 and the ring 35 are unitized through intermediation 
of the plurality of rollers 36. Those members and the like 
constitute a roller assembly (roller member). In this case, the 
roller 32 can be called an outer roller, and the ring 35 can be 
called an inner roller. 

0060 That is, the ring (inner roller) 35 is fitted onto an 
outer peripheral surface of the leg shaft 29. A cylindrical outer 
peripheral surface of the inner roller 35 is used as an inner 
raceway Surface, and a cylindrical inner peripheral Surface of 
the outer roller 32 is used as an outer raceway surface. 
Between the inner raceway surface and the outer raceway 
surface, there are the needle rollers 36 are interposed to be 
rotatable. The needle rollers 36 are incorporated under a 
so-called full state, in which a large number of the rollers are 
provided as much as possible and a retainer is not used. Note 
that, in circular grooves formed in end-portion inner-periph 
eral surfaces of the outer roller 32, there are attached washers 
37 for detachment of the needle rollers 36. 

0061. A radially-inner surface of the ring 35 is formed into 
a circular-arc convex surface. Further, a radially-outer Surface 
of the leg shaft 29 is set to have a straight shape in a longitu 
dinal section. The radially-outer surface of the leg shaft 29 is 
set, in a cross-section, as illustrated in FIG.5 and FIG. 6, to be 
held in contact with the radially-inner surface of the ring 35 in 
a direction orthogonal to an axis of the joint and to form gaps 
40 with respect to the radially-inner surface of the ring 35 in 
the axial direction of the joint. That is, the cross-section of the 
leg shaft 29 is set to have a substantially oval shape including 
a longitudinal axis orthogonal to the axis of the joint. 
0062 By the way, an opening portion of the outer joint 
member is sealed with a boot (not shown). The boot includes 
a larger-diameter portion, a smaller-diameter portion, and a 
bellows portion coupling the larger-diameter portion and the 
Smaller-diameter portion. Further, in a side of the opening 
portion of the radially-outer portion of the outer joint member 
21, there is formed a boot mounting portion 44 including a 
recess groove 43 as illustrated in FIG. 5. The boot mounting 
portion 44 is fitted onto the larger-diameter portion of the 
boot, and the larger-diameter portion is fastened with the boot 
band. In this manner, the larger-diameter portion of the boot is 
mounted onto the boot mounting portion 44 of the outer joint 
member 21. Further, as described above, the shaft is coupled 
to the tripod member 22. Aboot mounting portion including 
a recess groove is formed also in the shaft. The boot mounting 
portion of the shaft is fitted onto the smaller-diameter portion 
of the boot, and the smaller-diameter portion is fastened with 
the boot band. In this manner, the smaller-diameter portion of 
the boot is mounted onto the boot mounting portion of the 
shaft. 

0063. By the way, in a radially-inner surface of the mouth 
portion 24 of the outer joint member 21, there are formed 
hardened layers S (see FIG. 1). In this case, in each of the 
larger radially-inner portions 46, there is formed an 
unquenched portion 50. Note that, in the illustrated example, 
the unquenched portion 50 is not formed in the entire larger 
radially-inner portion 46, and the hardened layers S are 
formed in circumferential ends of the larger radially-inner 
portion 46. 
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0064. For formation of the hardened layers S, there is used 
a high-frequency heating apparatus 52 including a high-fre 
quency induction heating coil 51 illustrated in FIG. 2 and 
FIG.3. The high-frequency induction heating coil 51 includes 
three heating portions 51A, 51B, 51C having substantially 
triangular shapes, which are arranged to have a three-leaf 
clover shape. Each of the heating portions 51A, 51B, 51C 
includes: curved portions 53, 53 to face with respect to the 
roller guide surfaces 27; and straight portions 54 to face to the 
larger radially-inner portions 46. 
0065. Further, heating-suppressing portions for the larger 
radially-inner portions 46 are provided in positions of the 
high-frequency induction heating coil 56, the positions being 
respectively opposed to the larger radially-inner portions 46. 
Specifically, the heating-Suppressing portions include mag 
netic field line cut-out bodies A. In this case, a recessed 
portion 55 is provided in a center portion of a surface of each 
of the straight portions 54, the Surface being opposed to each 
of the larger radially-inner portions. In the recessed portion 
55, the magnetic field line cut-out body A including the fer 
romagnetic core 56 is arranged. Alongitudinal length L of the 
ferromagnetic core 56 is set to be smaller than a longitudinal 
length L1 of the recessed portion 55. A lateral length W of the 
ferromagnetic core 56 is set to be substantially the same as a 
lateral length W1 of the recessed portion 55. Therefore, upper 
surfaces of the heating portions 51A, 51B, 51C and upper 
surfaces of the ferromagnetic core 56 are arranged to be flush 
with each other. Lower surfaces of the heating portions 51A, 
51B, 51C and lower surfaces of the ferromagnetic core 56 are 
arranged to be flush with each other. Further, between side 
surfaces of the recessed portion 55 and corresponding side 
surfaces of the ferromagnetic core 56, there are respectively 
formed gaps 60. Note that, a thickness dimension T of the 
ferromagnetic core 56 is set to be larger than a depth dimen 
sion T1 of the recessed portion 55. An outer surface 56a of the 
ferromagnetic core 56 protrudes slightly to a side of the larger 
radially-inner portion with respect to an outer Surface (Surface 
opposed to the larger radially-inner portion) 54a of the 
straight line 54 of the heating portion 51A (51B, 51C). 
0066 Note that, though not illustrated, a cooling jacket as 
illustrated in FIG. 12 or the like is attached to a lower portion 
of the high-frequency induction heating coil 51. The cooling 
jacket includes a cooling piping in which cooling water flows, 
and has a shape Substantially corresponding to a shape of the 
high-frequency induction heating coil 51. 
0067. The high-frequency induction heating coil 51 is sup 
plied with high-frequency current from a high-frequency 
power Source (not shown). In this case, the high-frequency 
current flows through the heating portion 51A, the heating 
portion 51B, and the heating portion 51C in this order. As 
described above, when the high-frequency current flows, an 
induced electromotive force is generated due to an electro 
magnetic induction effect. Due to the electromagnetic induc 
tion effect, Jouleheat is generated. As a result, the roller guide 
surfaces 27 and the like of the outer joint member 21 can be 
heated. 

0068. Under the above-mentioned state, the high-fre 
quency induction heating coil 51 is continuously moved from 
a side of an opening portion of the mouth portion to a deep 
side of the mouth portion. In this manner, the roller guide 
surfaces 27 and the like are heated from the side of the 
opening portion to the deep side. Further, along with the 
above-mentioned movement of the high-frequency induction 
heating coil 51, the cooling jacket is moved. Thus, a cooling 
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fluid (cooling water) is injected from the cooling jacket to a 
heated portion of the outer joint member 21, to thereby cool 
the heated portion. That is, correspondingly to a relative 
movement of the high-frequency induction heating coil 51, 
the roller guide surfaces 27 and the like are subsequently 
heated. Then, following the above-mentioned heating opera 
tion, the heated portion is rapidly cooled with the cooling 
fluid. In this way, induction quenching is performed. 
0069. By the way, in each of the heating portions 51A, 
51B, 51C of the high-frequency induction heating coil 51, the 
ferromagnetic core 56 is provided. Therefore, the ferromag 
netic core 56 cuts out magnetic field lines generated through 
the high-frequency induction heating coil 51. That is, the 
ferromagnetic core is made of a material having high mag 
netic permeability and is provided to the coil, and hence the 
ferromagnetic core has an effect of amplifying power through 
concentrating the magnetic field lines to a work. At the same 
time, the ferromagnetic core is used for cutting out the mag 
netic field lines and for preventing undesired heating. There 
fore, as in the present invention, if the ferromagnetic core is 
used for heat hardening treatment for the radially-inner Sur 
face of the outer joint member 21 of the tripod type constant 
velocity universal joint, the unquenched portions 50 can be 
formed in the larger radially-inner portions 46. That cannot be 
performed by conventional mobile quenching. Therefore, as 
illustrated in FIG. 1, in each of the larger radially-inner por 
tions 46 to which the ferromagnetic core 56 faces, the 
unquenched portion 50 in which the hardened layers S are 
prevented from being formed is formed. 
0070. In the heat treatment method of the present inven 
tion, without forming the hardened layers S in the larger 
radially-inner portions 46 of the outer joint member 21, the 
hardened layers S can be formed in the roller guide surfaces 
27, 27. Therefore, it is possible to ensure a strength of the 
opening portion of the outer joint member 21. In addition, the 
mobile quenching is employed as a quenching method, and 
hence distortion is difficult to occur, and a thickness of the 
quenched and hardened layers can be uniformed. 
0071. As long as the magnetic field line cut-out bodies A 
include the ferromagnetic cores 56, it is possible to stably 
form the unquenched portions 50. Further, the ferromagnetic 
cores 56 may includes, for example, a silicon Steel. In this 
case, without using a specific (special) material, it is possible 
to attach the ferromagnetic cores 56 to the high-frequency 
induction heating coil 51 at relatively low cost. 
0072. As described above, the outer joint member 21 in 
which the hardened layers S are formed is treated by the heat 
treatment method. Therefore, the outer joint member 21 is 
stable in terms of a strength thereof and is excellent in dura 
bility. Further, the outer joint member 21 molded in the 
above-mentioned manner can be used for assembling the 
tripod type constant Velocity universal joint as illustrated in 
FIG. 4 to FIG. 6 or the like. Therefore, the tripod type constant 
velocity universal joint uses the outer joint member treated by 
the heat treatment method, and hence becomes a high-quality 
tripod type constant Velocity universal joint excellent in the 
durability. In addition, a degree of freedom for designing, for 
example, downsizing of the joint increases. 
0073. Further, in the tripod type constant velocity univer 
sal joint as illustrated in FIG. 4 to FIG. 6 or the like, each of 
the torque transmission members (roller members) 23 is 
allowed to be tilted in the track groove 26. Thus, tilting of the 
roller is capable of absorbing tilting of the leg shaft when 
torque is transmitted under a state in which the joint forms an 
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operating angle. Therefore, that contributes to a reduction of 
a sliding resistance, and therefore, a reduction of an induced 
thrust. Therefore, the constant velocity universal joint of the 
present invention can contributes, when applied in particular 
to a drive shaft in an automobile, optimization of noise, vibra 
tion, and harshness (NVH) performance of the automobile 
associated with the magnitude of the sliding resistance and 
the induced thrust. Further, a degree of freedom for a design 
of an under body of the automobile. 
0074 By the way, in the embodiment, the unquenched 
portion 50 is formed along the axial direction in the center 
portion in the circumferential direction of the larger radially 
inner portion 46. However, the unquenched portion 50 may be 
formed in the entire larger radially-inner portion 46, or the 
unquenched portion 50 may not beformed on a joint deep side 
of the larger radially-inner portion 46. That is, the hardened 
layer S may be formed on the joint deep side of the larger 
radially-inner portion 46 except for the opening portion (en 
trance portion) side corresponding to the boot mounting por 
tion 44 and for a portion thereof situated at a regularly used 
position. That is because, even if the hardened layer is formed 
on the joint deep side of the larger radially-inner portion 46, 
an effect against the strength of the outer joint member is 
Small. Further, regarding the Smaller radially-inner portion 
45, the hardened layerS may beformed or may not beformed. 
The hardened layer S may be formed only in the roller guide 
surface 27. Therefore, without deteriorating a function as the 
outer joint member 21, it is possible to form the hardened 
layer S in an optimum range. 
0075) Next, FIG. 7 illustrates an outer joint member 21 of 
another embodiment. In this case, on an outer diameter side of 
the roller guide surface 27 of the outer joint member 21, there 
are provided flange portions 61 opposed to the roller member 
23. An inner surface of the larger radially-inner portion 46 is 
set to be the unquenched portion 50. Further, the hardened 
layers S are formed also with respect to the inner surfaces of 
the flange portions 61. The roller member 23 is brought into 
contact with the flange portions 61, and hence the hardened 
layers S are formed in the flange portions 61. Even in this 
case, the hardened layer S may be formed on the joint deep 
side of the larger radially-inner portion 46 except for the 
opening portion (entrance portion) side corresponding to the 
boot mounting portion 44 and for a portion thereof situated at 
a regularly used position. 
0076. Even in a case of the outer joint member 21 illus 
trated in FIG. 7, the high-frequency heating apparatus illus 
trated in FIG. 1 to FIG. 3 or the like can be used to form the 
hardened layers S. Therefore, the outer joint member 21 in 
which the above-mentioned hardened layers S are formed is 
treated by the heat treatment method, and hence the outer 
joint member is stable in terms of the strength thereof and is 
excellent in the durability. Further, the tripod type constant 
Velocity universal joint using the outer joint member 21 
molded in the above-mentioned manner becomes a high 
quality tripod type constant Velocity universal joint excellent 
in the durability. 
0077. By the way, in each of the heating portions 51A, 
51B, 51C of the high-frequency induction heating coil 51 of 
the high-frequency heating apparatus, the recessed portions 
55 respectively facing to the larger radially-inner portions 46 
are formed. That is, the high-frequency induction heating coil 
51 includes retracted positions to be prevented from coming 
close to the larger radially-inner portions 46. Therefore, with 
out providing the magnetic field line cut-out bodies A includ 
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ing the ferromagnetic cores 56 or the like, it is possible to 
prevent the larger radially-inner portions 46 from being 
heated. Consequently, as the high-frequency induction heat 
ing coil 51, the high-frequency induction heating coil without 
the ferromagnetic cores 56 as illustrated in FIG. 8 may be 
used. Even in this case, it is possible to set the larger radially 
inner portions 46 to be the unquenched portions 50. 
(0078 Next, FIG. 9 illustrates another tripod type constant 
Velocity universal joint. In this case, each of the roller mem 
bers is fitted onto a spherical outer peripheral surface 29a of 
the leg shaft 29 to be capable of oscillating. The roller mem 
ber is guided along the roller guide surfaces 27, 27 in the axial 
direction of the outer joint member 21. That is, the roller 
member includes: a rotation support 71 into which the spheri 
cal outer peripheral surface 29a of the leg shaft 29 is fitted; 
and an outer roller 73 on a side of an outer periphery of the 
rotation support 71 to be rotatable through the needle rollers 
72. 
0079. It is possible to set the larger radially-inner portions 
46 of the outer joint member 21 to be the unquenched portions 
50 even in the following cases: a case of the outer joint 
member 21 of the above-mentioned tripod type constant 
Velocity universal joint; a case of the high-frequency heating 
apparatus including the high-frequency induction heating 
coil 51 arranged in the magnetic field line cut-out bodies A 
(ferromagnetic cores 56) illustrated in FIG. 2 to FIG. 4 or the 
like; and a case of the high-frequency heating apparatus 
including the high-frequency induction heating coil 51 with 
out the magnetic field line cut-out bodies A (ferromagnetic 
cores 56) as illustrated in FIG. 8. 
0080. Therefore, the tripod type constant velocity univer 
sal joint illustrated in FIG. 9 becomes a high-quality tripod 
type constant velocity universal joint excellent in the durabil 
ity. In addition, a degree of freedom for designing, for 
example, downsizing of the joint increases. 
I0081 Although the embodiments of the present invention 
is described above, the present invention is not limited to the 
above-mentioned embodiments, and various modifications 
can be made. For example, the material of the ferromagnetic 
cores 56 may include, in addition to the silicon steel, a soft 
steel, and a ceramic Such as a ferrite. Further, the tripod type 
constant velocity universal joint of FIG. 4 or the like uses a 
so-called double-roller type roller members each including 
the inner roller and the outer roller. However, as illustrated in 
FIG. 16 and FIG. 17, the tripod type constant velocity uni 
Versal joint may use so-called single-roller type roller mem 
bers each including the roller 80 fitted onto the cylindrical 
outer peripheral surface of the leg shaft 9 through the plurality 
of needle rollers 82 in such a manner that the roller 80 is 
rotatable. 

REFERENCE SIGNS LIST 

I0082) 21 outer joint member 
I0083) 22 tripod member 
0084. 23 torque transmission member (roller member) 
I0085 26 track groove 
I0086 27 roller guide surface 
0.087 28 boss 
I0088. 29 leg shaft 
0089 29a spherical outer peripheral surface 
0090 32 outer roller 
0.091 35 ring 
0092) 35 inner roller 
(0.093 40 gap 
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0094 45 smaller radially-inner portion 
0.095 46 larger radially-inner portion 
(0096 50 unquenched portion 
0097. 51 high-frequency induction heating coil 
(0098. 56 ferromagnetic core 
(0099 61 flange 
0100. A magnetic field line cut-out body 
0101 Shardened layer 

1. A heat treatment method for forming hardened layers in 
roller guide Surfaces of an outer joint member, comprising: 

performing mobile quenching in Such a manner that a 
high-frequency induction heating coil is moved in an 
axial direction relative to the outer joint member com 
prising trackgrooves which are formed at three positions 
ofan inner periphery of the outerjoint member, and each 
of which comprises: 
the roller guide Surfaces facing to each other in a cir 

cumferential direction of the outer joint member; and 
a larger radially-inner portion provided between both of 

the roller guide surfaces: 
providing heating-Suppressing portions for the larger radi 

ally-inner portions in positions of the high-frequency 
induction heating coil, the positions being respectively 
opposed to the larger radially-inner portions; and 

setting a range corresponding to a boot mounting portion in 
at least a center portion in the circumferential direction 
in each of the larger radially-inner portions of the outer 
joint member to be an unquenched portion by cutting out 
the magnetic field lines with the magnetic field line 
cut-out bodies. 

2. A heat treatment method according to claim 1, wherein: 
the heating-Suppressing portions for the larger radially 

inner portions comprise magnetic field line cut-out bod 
ies for cutting out magnetic field lines generated through 
the high-frequency induction heating coil; and 

the magnetic field line cut-out bodies comprise ferromag 
netic cores fitted into portions of the high-frequency 
induction heating coil, at which the ferromagnetic cores 
come close to the larger radially-inner portions, respec 
tively. 

3. A heat treatment method according to claim 2, wherein 
each of the ferromagnetic cores comprises a silicon Steel. 

4. A heat treatment method for forming hardened layers in 
roller guide Surfaces of an outer joint member, comprising: 

performing mobile quenching in Such a manner that a 
high-frequency induction heating coil is moved in an 
axial direction relative to the outer joint member com 
prising trackgrooves which are formed at three positions 
ofan inner periphery of the outerjoint member, and each 
of which comprises: 
the roller guide Surfaces facing to each other in a cir 

cumferential direction of the outer joint member; and 
a larger radially-inner portion provided between both of 

the roller guide surfaces; and 
setting a range corresponding to a boot mounting portion in 

at least a center portion in the circumferential direction 
in each of the larger radially-inner portions of the outer 
joint member to be an unquenched portion by the high 
frequency induction heating coil comprising refracted 
portions to be prevented from coming close to the larger 
radially-inner portions. 

5. A heat treatment method for forming hardened layers in 
roller guide Surfaces of an outer joint member, comprising: 
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performing mobile quenching in Such a manner that a 
high-frequency induction heating coil is moved in an 
axial direction relative to the outer joint member com 
prising track grooves which are formed at three positions 
of an inner periphery of the outerjoint member, and each 
of which comprises: 
the roller guide Surfaces facing to each other in a cir 

cumferential direction of the outer joint member; and 
a larger radially-inner portion provided between both of 

the roller guide surfaces; 
providing, on an outer diameter side of the roller guide 

Surfaces of the outer joint member, flange portions 
opposed to a roller member, and 

setting at least a range corresponding to a boot mounting 
portion in each of the larger radially-inner portions to be 
an unquenched portion serving as an unheated portion. 

6. A heat treatment method according to claim 5, further 
comprising forming hardened layers in Surfaces of the flange 
portions, the Surfaces being opposed to the roller member. 

7. A heat treatment method according to claim 1, further 
comprising: 

forming a smaller radially-inner portion between the larger 
radially-inner portions of the outer joint member, and 

forming a hardened layer in the Smaller radially-inner por 
tion by the mobile quenching. 

8. A heat treatment method according to claim 1, further 
comprising setting an entire of each of the larger radially 
inner portions of the outer joint member to be an unquenched 
portion. 

9. A heat treatment method according to claim 1, further 
comprising preventing unquenched portions from being 
formed on a joint deep side of the larger radially-inner por 
tions of the outer joint member. 

10. A heat treatment method according to claim 1, further 
comprising forming hardened layers only in the roller guide 
Surfaces on an inner diameter side of the outer joint member. 

11. An outer joint member of a tripod type constant Veloc 
ity universal joint, which is treated by the heat treatment 
method according to claim 1. 

12. A tripod type constant Velocity universal joint, com 
prising: 

the outer joint member according to claim 11: 
a tripod member comprising three leg shafts arranged in the 

outer joint member and protruded in a radial direction; 
and 

a roller member mounted to each of the three leg shafts of 
the tripod member and guided in an axial direction of the 
outer joint member along the roller guide Surfaces. 

13. A tripod type constant Velocity universal joint accord 
ing to claim 12, wherein the roller member is fitted into a 
spherical outer peripheral surface of each of the three leg 
shafts to be capable of oscillating, and is guided in the axial 
direction of the outer joint member along the roller guide 
Surfaces. 

14. A tripod type constant Velocity universal joint accord 
ing to claim 12, wherein: 

the roller member comprises: 
a roller inserted in each of track grooves of the outer joint 
member; and 

a ring fitted onto each of the three leg shafts, for Sup 
porting the roller to be rotatable; 

the roller is movable in the axial direction of the outer joint 
member along the roller guide Surfaces; 
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an inner peripheral Surface of the ring is formed to have a 
circular-arc convex cross-section; and 

an outer peripheral surface of each of the three leg shafts is 
formed to have a straight shape in a longitudinal section 
of each of the three leg shafts and to be held, in a 
cross-section of each of the three leg shafts, in contact 
with the inner peripheral surface of the ring in a direction 
orthogonal to an axis of the tripod type constant Velocity 
universal joint and form a gap with respect to the inner 
peripheral Surface of the ring in an axial direction of the 
tripod type constant Velocity universal joint. 

15. A tripod type constant velocity universal joint accord 
ing to claim 14, wherein the cross-section of each of the three 
leg shafts is set to have a Substantially oval shape including a 
longitudinal axis orthogonal to the axis of the tripod type 
constant Velocity universal joint. 

16. A heat treatment method according to claim 4, further 
comprising: 
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forming a smaller radially-inner portion between the larger 
radially-inner portions of the outer joint member, and 

forming a hardened layer in the Smaller radially-inner por 
tion by the mobile quenching. 

17. A heat treatment method according to claim 5, further 
comprising: 

forming a smaller radially-inner portion between the larger 
radially-inner portions of the outer joint member, and 

forming a hardened layer in the Smaller radially-inner por 
tion by the mobile quenching. 

18. An outer joint member of a tripod type constant veloc 
ity universal joint, which is treated by the heat treatment 
method according to claim 4. 

19. An outer joint member of a tripod type constant veloc 
ity universal joint, which is treated by the heat treatment 
method according to claim 5. 

c c c c c 


